Tyrosinase inhibitory activity was studied on the crude extracts and flavonoids successfully isolated from the leaves and heartwoods of Artocarpus lowii King. The flavonoids were fully characterized spectroscopically as isobavachalcone (1), 4-hydroxyonchocarpin (2), 2',4'-dihydroxy-4-methoxy-3'-prenyldihydrochalcone (3), 2',4'-dihydroxy-3,4-(2",2"-dimethylchromeno)-3'-prenyldihydrochalcone (4), artocarpin (5), cycloheterophyllin (6) and 4',5-dihydroxy-6,7-(2,2-dimethylpyrano)-2'-methoxy-8-γ,γ-dimethyl allylflavone (7). Tyrosinase inhibitory activity of the samples was determined against mushroom tyrosinase using ELISA microplate reader. Cycloheterophyllin (6) exhibited an excellent inhibitory activity against mushroom tyrosinase comparable to the standard kojic acid with the IC50 value of 52.5 µg/mL (88.3%).
1.0 INTRODUCTION
Plants are valuable source of new natural products. Plants and their products have been used for centuries to prevent and cure diseases. More than a quarter of all the medicines used in the world today contain ingredients derived from plants and were also used in traditional medicine [1] . Plants of Moraceae family are among the tropical plants that had shown interesting chemistry and biological activities. The family comprises about 60 genera and approximately 1400 species that form a significant element in the flora of the tropical region of Southeast Asia. The most investigated genera are Artocarpus, Morus and Ficus [2] .
The genus Artocarpus comprising about 50 species is native to South and Southeast Asia, New Guinea and the South Pacific [3] . Artocarpus is the most commonly encountered genus found in the lowland forest of the East Coast and Southern parts of Peninsular Malaysia. Economically, the genus is of appreciable importance as a source of edible fruit, yield fairly good timber and is widely used in folk medicine. This genus is known worldwide for its edible fruits like the jackfruit (A. heterophyllus), miku (A. lowii) and breadfruit (A. altilis). These species are widely cultivated in Malaysia as villagers and traders commercially sell their fruits in local market. The lightwood known locally as 'terap' and the medium hardwood known as 'keledang' constitute valuable timble resources [4, 5] .
Previous phytochemical studies of Artocarpus species had revealed that this genus is rich source of the isoprenoid-subtituted phenolic compounds, including flavonoids containing isoprenyl substituents and certain oxygenation pattern [6] . Many of the compounds have been reported to show interesting biological properties such as cytotoxic, antioxidant, antimicrobial and antiinflammatory activities. Previous study on the leaves of A. lowii had successfully isolated several flavonoids including isobavachalcone (1), 4-hydroxyonchocarpin (2) and 2',4'-dihydroxy-4-methoxy-3'-prenyldihydrochalcone (3) which showed strong free radical scavenging activity towards 2,2-diphenyl-1-picrylhydrazine (DPPH) radical measured by electron spin resonance (ESR) spectrometry [7] . Prenylated flavones, named artoindonesianin A and artoindonesian B from A. champeden exhibited cytotoxic activity against murine leukimia (P-388) cells [8] . Investigation on A. heterophyllus reported that 3-prenyl luteolin as strong tyrosinase inhibitor where the prenyl existence on C-3 played an important role in tyrosinase inhibition activity [9] . In addition, bioactivity study of the wood of A. elasticus has led to the isolation of artelastin which was evaluated for cytotoxicity against MCF-7 human breast cancer cell line. The result showed that artelastin treatment disturbed microtubules and interfered with DNA replication of the cancer cell line [10] .
On continuing our research on Artocarpus species, this study focused on the potential of the crude extracts and seven isolated flavonoids from the leaves and heartwoods of A. lowii for their tyrosinase inhibitory activity. The structural criteria of flavonoids for this bioactivity was also discussed.
2.0 EXPERIMENTAL

Plant Material
The leaves and heartwoods of A. lowii were collected from Paka, Terengganu with voucher specimen number AZ 7094 was deposited at Herbarium of Universiti Kebangsaan Malaysia, Bangi.
Extraction and Isolation
The leaves (2 kg) and heartwoods (2 kg) of A. lowii were collected, air-dried and ground. The air dried samples were sequentially extracted by cold extraction with different polarity of solvent starting from hexane, dichloromethane and methanol. Evaporation of each solvent gave respective crude extracts. Each crude extracts were subjected to silica gel vacuum liquid chromatography to afford different fractions based on solvent polarity. The purification and isolation of the leaves crude extracts yielded four flavonoids identified as isobavachalcone (1), 4-hydroxyonchocarpin (2) and 2',4'-dihydroxy-4-methoxy-3'-prenyldihydrochalcone (3) and 2',4'-dihydroxy-3,4-(2",2"-dimethylchromeno)-3'-prenyldihydrochalcone (4) while artocarpin (5), cycloheterophyllin (6) and 4',5-dihydroxy-6,7-(2,2-dimethylpyrano)-2'-methoxy-8-γ,γ-dimethylallylflavone (7) were purified and isolated from the heartwoods crude extracts ( Figure  1 ). Their structures were spectroscopically identified by UV, IR, MS, and NMR. The isolated compounds from the leaves and heartwoods of A. lowii were tested for their tyrosinase inhibitory activity.
Tyrosinase inhibitory activity
This assay was performed using method described by Kamken et al. and Likhitwitayawuid et al. with minor modification [11, 12] . The crude extracts and isolated flavonoids were dissolved in dimethyl sulfoxide (DMSO) to the final concentration of 100 μg/mL as stock solution. Kojic acid was used as the positive control. A flat-bottomed 96-well plate was used and each well contained 0.1 M phosphate buffer solution (pH 6.7) and L-DOPA. Four wells labeled as well 1 and well 2 contained sample stock solution (40 µL). DMSO acted as negative control replaced the sample in the well 3. The plate was incubated for 10 minutes at 25˚C. Then, tyrosinase enzyme was added to well 1 and well 4. The plate was then incubated again for 20 minutes at 25°C. Finally, the absorbances of the tested samples were measured using ELISA microplate reader at 475 nm with 700 nm as reference. The percentage of inhibition was calculated as follows: 
3.0 RESULTS AND DISCUSSION
Extraction and Isolation
The powdered leaves and heartwoods of the plant were extracted using cold extraction method to yield hexane, dichloromethane and methanol crude extracts. Purification and isolation of the hexane crude extract of the leaves yielded two flavonoids identified as 4-hydroxyonchocarpin (2) [7, 13] and 2',4'-dihydroxy-4-methoxy-3'-prenyldihydrochalcone (3) [7] . Isobavachalcone (1) [7, 13] was purified and isolated from the dichloromethane crude extract while 2',4'-dihydroxy-3,4-(2",2"-dimethylchromeno)-3'-prenyldihydrochalcone (4) was isolated from the methanol crude extract of the leaves. Purification of the dichloromethane crude extracts of the heartwoods had successfully isolated cycloheterophyllin (6). Artocarpin (5) [9, 14, 15] and 4',5-dihydroxy-6,7-(2,2-dimethylpyrano)-2'-methoxy-8-γ,γ-dimethylallylflavone (7) were successfully purified and isolated from the methanol crude extract of the heartwoods. The structures of the isolated compounds ( Figure 1) were fully characterized on the basis of their spectroscopic data and direct comparison with published reports. Table 1 presented the percentage inhibition at 1000 µg/mL and tyrosinase inhibition (IC 50 , µg/mL) of six crude extracts and seven flavonoids. The dichloromethane crude extract of the heartwoods (ALBD) showed strong tyrosinase inhibition with IC 50 value of 85.8 µg/mL (89.6%) comparable to the positive control, kojic acid with the IC 50 value of 31.2 µg/mL (95.5%) [12] . The methanol crude extracts of the leaves (ALLM) and the heartwoods (ALBM) showed weak tyrosinase inhibitory activity with IC 50 value of 440.0 µg/mL (65.3%) and 310.5 µg/ml (67.7%) respectively. Therefore, this plant can be a potential source of active compounds such as flavonoids and xanthones for tyrosinase inhibitory activity [11] . Leaves of A. lowii: n-hexane crude extract (ALLH); dichloromethane crude extract (ALLD) and methanol crude extract (ALLM), heartwoods of A. lowii: n-hexane crude extract (ALBH); dichloromethane crude extract (ALBD) and methanol crude extract (ALBM). 2',4'-dihydroxy-3,4-(2",2"-dimethylchromeno)-3'-prenyldihydrochalcone, (5): Artocarpin, (6): Cycloheterophyllin, (7): 4',5-dihydroxy-6,7-(2,2-dimethylpyrano)-2'-methoxy-8-γ,γ-dimethylallylflavone Cycloheterophyllin (6) exhibited an excellent inhibitory activity against mushroom tyrosinase with the IC 50 value of 52.5 µg/mL (88.3%). Isobavachalcone (1), 4-hydroxyonchocarpin (2) and 2',4'-dihydroxy-3,4-(2",2"-dimethylchromeno)-3'-prenyldihydrochalcone (4) showed the potential as tyrosinase inhibitor with the IC 50 value of 218.8 µg/mL (78.5%), 122.5 µg/mL (71.2%) and 124.3 µg/mL (67.8%) respectively. Compound (6) possessed 4-substituted resorcinol skeleton (1,3-benzenediol) which proved to be potent tyrosinase inhibitor as described by Shimizu et al. and Khatib et al. [16, 17] . Interestingly, compound (6) showed the presence of polyhydroxyl groups at ring A and ring B which contributed to the significant of tyrosinase inhibitory activity by the inhibition of melanin biosynthesis via interruption of the oxidative hydroxylation [17, 18] . Previous study from A. obtusus had resulted in the isolation of pyranocycloartobiloxanthone A which also reported to exhibit potent tyrosinase inhibitory activity due to the presence of 4-substituted resorcinol skeleton [19] .
Tyrosinase Inhibitory Activity
Artocarpin (5) showed weak tyrosinase inhibitory activity with IC 50 value of 315.0 µg/mL (63.1%). Even though the structure has a 4-substituted resorcinol skeleton at ring B, but the presence of isoprenoid-substituents and steric hindrance at the C-3 position dramatically decreased the tyrosinase inhibitory activity [16] . Based on the previous study, compound (5) gave the IC 50 value more than 459 µM in tyrosinase inhibitory activity [9] . Arung et al. also stated that any compounds with IC 50 value more than 300 µg/mL did not show potent tyrosinase inhibition activity. This study showed that for flavonoids, not only a 4-substituted resorcinol skeleton but also some additional structural factors such as the presence of polyhydroxyl groups are necessary to reveal the tyrosinase inhibitory activity [16] .
4.0 CONCLUSION
Six crude extracts and seven isolated flavonoids from A. lowii were evaluated for their tyrosinase inhibitory activity. The results showed that cycloheterophyllin (6) exhibited an excellent inhibitory activity against mushroom tyrosinase comparable to the standard kojic acid with the IC 50 value of 52.5 µg/mL (88.3%). The tyrosinase inhibitory activity of these flavonoids depends on the number and configuration of phenolic hydroxyl groups in the molecules and influenced by configuration of other substituent.
